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Summary 
The impact of global warming (change of temperature and rainfall) in Saga on crop yield was nu-
merically investigated using th巴SWAPmodel. The mean t巴mperaturein Saga increased from 1961 to 
1999. It wa号estimatedthat the m巴antemperature in 2100 is higher than 2.15 oC than that in 2003.Since 
1967， mean and standard derivation of rainfall obtained by the probability distribution was nearly 0.76 
and 0.43， 1・巴spectively.Day of daily precipitation of not less than 20 mm and 50 mm increas巴d，and it had 
been noticeable since 1980. Change of soyb巴anyield with increasing mean temperature was simulated 
by the SWAP model. As a result， crop yield decreas巴din y巴arof high annual average t巴mperatureand 
les annual precipitation and it increased in year of low annual average temperature and much annual 
precipitation with increasing mean temperatur巴.From the probabilistic approach， daily rainfall occur-
rences were represented by a Markov process， and daily rainfall was simulated by Monte Carlo method. 
On the basis of th巴abovemethod， relationship between rainfall pattern and crop yield was inv巴stigated.
As a result， crop yield chang巴dgreatly with increasing and decreasing precipitation in growing p巴riodof 
crop. Thus， itis clear that not only an amount of annual precipitation but also interval of rainfall was on巴
of the important factors for crop yield. 












































Fig.1及び Fig.2 に 1961年~1999年
までの年平均気温と年降水量の経
年変化を示す.Fig.lから明らか
同前日 Reg田ssiunline (1';{>.O22 XYear-27.79) 
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Fig.1 Variation of temp巴ratur'巴inSaga from 1961 to 199. 
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Fig.2 Variation of rainfal in Saga from 1961 to 1999. 
郡山， I万中，矢野:SWAPモデルによる気温，降雨変化が作物収量:に与える影響評価 81 
なように，年平均気温は年毎に変 加
動しているが，全体的に気温が上 品、
昇する傾向を示した また， I蹄 3一
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Fig.3 Variation of rain day， mean and standard derivation in Saga 






/¥ノ、/¥‘ノ， ，、 JIJ¥/，、，、，、，、，、、"、，、 、，、、 一' 、』一"、 ， 、， 、.' 町除、司増幅'、， 、， 、、、d 一 、， 一 . 、，、2 ・
0 
1960 1970 1990 2000 1980 
Year 
Fig.4 Variation of rain day of rainfal over 20mm and 50mm in Saga 






































Fig.6 Outline of crop growth processes as simulat巴dby SWAP. 




















タ (1961 ::fj三 ~1999年)を用いた.また，土壌は単層
のマサ土土壌を仮定し， Fig.7に示されるようなコ lOcm 
ンパートメントに分割した.ここで，マサ土の土壌
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ここに， θ附は乾燥状態における残留合水量 (=0.125cnUcnr) ，θsmは飽和合水量 (=0.495cnf 
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Fig.9は， 1961 ~ 1999年の実測された気象データの日別気温データに 1~4t加算した場合
のダイズ収量のシミュレーション結果を表したものである.図示されるように，全般的に気温
の上昇に伴いダイズの収量は減少する頬向を示し，気温を40C上昇させた場合，収量は平均し
て9.1%減少した.特に，年平均気温が比較的高く年降水量aが少ない1967，1978， 1990， 1998 
年では，気温上昇に伴う作物収量の減少が著しく，それぞ、れ40C上昇時に51.9%， 18.9%， 15. 
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こでは降雨パターンを確率論的アプローチより解 Fig.IO Rainfall probabilities for rainfal gr巴ater




m以上の降雨がある日を雨天日とみなし， 0.25捌未満の日を晴天日とする. 1 年聞を52週とし





























Simulation number oftime 
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